v, Sixteen patients treated between 1969 and 1989 for a colloid cyst of the foramen of Monro by stereotactically guided aspiration (not stereotactic extirpation) were evaluated to assess the long-term outcome of the procedure. Thirteen of these patients required reoperation due to an acute comatose state, failure to achieve permanent reduction of the cyst, or symptomatic hydrocephalus. Of these 13, six were treated twice and two were treated three times by stereotactic aspiration. Five patients underwent microsurgical extirpation and three had a shunt placed following a failed aspiration. Failure of the first procedure was detected within the first 2 months after treatment in eight patients and after more than 6 years in seven. Following stereotactic aspiration, three patients experienced a temporary memory deficit and confusion and one patient suffered a central pain syndrome. Eleven of the 26 procedures were followed by a recurrence 6 to 15 years after treatment; seven recurrent cysts were detected after more than 8 years. Of the patients with recurrences, three did not undergo repeat surgery but showed an increase in cyst size at the latest follow-up examination. It is suggested that radical removal by open or stereotactically guided microsurgery is the method of choice since stereotactic aspiration fails to offer a radical or permanent treatment for colloid cysts of the third ventricle.
C
OLLOID cysts of the third ventricle comprise 0.5 % to 1% of intracranial neoplasms, 2~ and their natural history is not known in detail. It appears that some cysts are asymptomatic and can be followed for years without displaying radiological changes) The majority of cysts reported in the neurosurgical literature were symptomatic, however, and caused prolonged symptoms of increased intracranial pressure or even sudden interruption of cerebrospinal fluid (CSF) circulation with ensuing coma. ~.3,4., ,. ~ 2 The threat of death due to a benign tumor has led to a widespread belief that symptomatic colloid cysts should be treated. In the early days of modern neurosurgery, the outcome following open surgery was often dismal in spite of a benign histology. 4'~"12 Simple cyst aspiration without stereotactic guidance was described in 1975 by Gutierrez-Lara, et al. 6 Later, various stereotactic approaches were designed to further reduce the morbidity and mortality of colloid cyst surgery in the region of the foramen of Monro. Bosch, et aL, 2 reported four cases treated by stereotactic puncture and cyst aspiration that showed no evidence of clinical deterioration for up to 7 years following the procedures. Since then, these stereotactie approaches have been refined by ventriculoscopy and electrocoagulationJ 6 Stereotactic methods have also been described by Rivas and LobatC 7 and Mohadjer, et al. ~3 Negligible morbidity and a presumed permanent good effect have been claimed as the result of these stereotactic procedures; however, long-term follow-up review has been lacking. The present investigation was undertaken to fulfill the need for outcome studies of stereotactic aspiration procedures in these rather uncommon lesions.
Clinical Material and Methods

Case Material
Between 1969 and 1989, 16 patients underwent stereotactic aspiration for a colloid cyst of the anterior third ventricle using the Leksell stereotactic system, as described previouslyY .~~ The diagnosis was confirmed histologically in all cases. Five patients received external ventricular drainage prior to stereotactic cyst aspiration.
During the study period, two additional patients were treated for third ventricle colloid cysts. One underwent bilateral shunt placement and one an open microsurgical resection as the initial procedure.
Clinical Presentation
Patient characteristics are presented in Table 1 . The clinical history revealed that the most common presenting symptom was intermittent headache (15 patients), followed by vertigo in three patients, memory deficit in three, diplopia in one, and tinnitus in one. The duration of the headache from onset to presentation for medical advice was 1 day to 5 years (mean 13.8 months, median 2.5 months). On admission, nine patients were awake and suffering from headache, two were lethargic, and five comatose. Initial computerized tomography (CT) scans were available for 12 patients and showed a hyperdense lesion of the foramen of Monro in eight (Cases 2, 3, 5, 9, 12, 13, 14, and 16), an isodense lesion in two (Cases 6 and 7), and a hypodense lesion in two (Cases 1 and 15). Four patients were initially evaluated before CT became available; followup monitoring with CT in these four patients (Cases 4, 8, 10, and I l) has revealed hyperdense cysts.
Aspiration Technique
The cysts were localized by pneumoencephalography in four patients early in the series and by CT in the 12 later patients. After stereotactic localization of the target, with the patient under local anesthesia, appropriate burr holes were made and trocars introduced. The cyst capsule was perforated with a thin, sharp needle, followed by an attempt at biopsy with a spiral needle. Vigorous aspiration was employed to empty the cyst.
Ventriculoscopy
Ventriculoscopy was used in eight patients to visualize the target prior to perforation of its capsule and to inspect the foramen of Monro after aspiration. In three patients (Cases 3, 8, and 14), the cyst was aspirated under direct visual control through the ventriculoscope which had been introduced through a second burr hole. In one patient (Case 6), an attempt at coagulation of the remaining capsule was undertaken as part of the second and third aspiration procedures. losal extirpation * External ventricular drainage was performed prior to the first operation in Cases 3, 8, 9, 12, and 13 and prior to the second operation in Cases 2, 3, 5, and 16. Ventriculoseopy was employed for the first aspiration procedure in five patients (Cases 1, 3, 7, 11, and 12), for the second procedure in six (Cases 5, 6, 7, 8, 13, and 14) , and the third in one (Case 6).
Data Analysis
All medical charts and radiological examinations were reviewed and the patients followed for clinical symptoms and with CT. The diameter of the cysts was measured on the CT scans, and the actual diameters were obtained by division with the magnification factor. The cysts were approximated to spheres and their volumes calculated accordingly.
Follow-Up Study
The duration of the follow-up period was a minimum of 7 years from the first stereotactic procedure to the endpoint. Alternative endpoints were: 1) open microsurgical operation of the cyst; 2) ventriculoperitoneal shunt placement; or 3) death. Four patients (Cases 2, 8, 9, and 15) in the current series were described previously with a limited follow-up review in 1978. 2
Results
Primary Stereotactic Procedure and Reoperation
The cyst contents were highly viscous and thus required vigorous aspiration in all patients except Case 1. The colloid cyst in Case 1 was confirmed histologically but surgery also revealed a liquid hematoma within the cyst.
Thirteen of the 16 patients had to undergo reoperation, either stereotactic aspiration (Cases 5-9, 13, 14, and 16), ventriculoperitoneal shunt placement (Case 12), or transfrontal/transcallosal microsurgical extirpation (Cases 2-4 and 10) ( Table 2 ). The indications in five patients operated on within 1 month of initial surgery were: headaches and remaining cyst due to unsuccessful aspiration (three cases); remaining hydrocephalus and lack of neurological improvement (one case); and transtentorial herniation (one case). The remaining eight patients underwent repeat surgery because of recurrent cysts detected 1 to 180 months following the first intervention. Of these eight, five patients had headaches as the symptom of cyst recurrence, while three had become comatose from transtentorial herniation due to untreated hydrocephalus. The three comatose patients were admitted at 1, 64, and 180 months following initial treatment.
Following the second stereotactic procedure, a third stereotactic aspiration was undertaken in two patients (Cases 6 and 13), ventriculoperitoneal shunt placement in two (Cases 7 and 9), and transcallosal microsurgical extirpation in one (Case 16) ( Table 2) .
Surgical Morbidity
A total of 26 stereotactic aspirations were performed in the 16 patients. Three patients (Cases 6, 7, and 13) experienced headaches, temporary memory deficit, and mild personality change postoperatively. One patient (Case 5) became comatose on the day following surgery due to incomplete emptying of the cyst and interference with the normal CSF flow. Another patient (Case 9) suffered unilateral pain of the left arm, possibly caused by damage to the thalamus. Failure to improve from presenting symptoms or tentorial herniation more than 1 month following surgery was not considered morbidity from surgery.
Clinical Outcome
Following treatment, the outcome was good in 14 patients at their endpoints; these patients were leading independent lives. Four experienced mild sequelae, including headache, memory disturbance, or thalamic pain. These symptoms were probably due to surgical morbidity in two patients (Cases 6 and 9). One patient (Case 5) had persistent headache and occasional CSF rhinorrhea following a second aspiration. One patient (Case 12), admitted in a comatose state, remained in a vegetative condition and died after 32 months. Of the four patients who became comatose due to tentorial herniation prior to reoperation, three (Cases 2, 3, and 5) recovered; the remaining patient (Case 16) returned home following definitive surgery but remained incapacitated with memory and visual deficits due to bilateral occipital infarction.
Outcome Following Ventriculoscopy
Twelve of the 26 stereotactic aspirations were aided by ventriculoscopy. These were performed in 10 patients and were followed by repeat surgery and/or CT demonstration of cyst progression in all. Table 3 shows the pre-and postoperative cyst size in the 16 patients. After the first aspiration, follow-up CT showed a decrease in size in nine cysts, no change in four, and a larger size in one due to intraoperative injection of metrizamide into the cyst; two cysts could not be evaluated since appropriate preoperative scans were not available.
Cyst Size
Radiologically, radical cyst aspiration was achieved in five procedures. In three patients (Cases 1, 11, and 13), a recurrent cyst was detected 74, 89, and 84 months, respectively, following these procedures. The remaining two were in patients (Cases 7 and 9) who were followed for less than 1 month before reaching their endpoint (ventriculoperitoneal shunt placements due to persistent symptomatic hydrocephalus).
At endpoint, 13 of the 16 cysts were unchanged or growing compared to the previous CT examination ( Table 3 ). The cysts that were not growing had been treated twice (Cases 5, 7, and 9); the follow-up period was 70 months for one of these patients (Case 5) and less than 1 month for two (Cases 7 and 9). 
Hydrocephalus and Shunting Procedures
Following the first aspiration, ventricular size diminished in 11 of the 16 patients; however, 12 of the 16 remained hydrocephalic (frontal horn index _> 0.30). Ventricular size diminished in three of eight patients following the second aspiration, but remained hydrocephalic. A progressive hydrocephalus in the absence of an expanding colloid cyst was noted in one patient (Case 5).
At endpoint, the ventricular index was 0.25 in one patient (Case 1) and greater than 0.30 in the remaining patients. Placement of ventriculoperitoneal shunts to treat symptomatic hydrocephalus (headaches) was the endpoint in three patients (Cases 7, 9, and 12). The shunting led to a normalization (frontal horn index < 0.30) of the ventricular system.
Microsurgical Removal
Conventional and stereotactically guided microsurgical removal was the endpoint for three and two patients, respectively (Table 3 ). These microsurgical operations led to cyst removal and were not complicated by surgical morbidity.
Discussion
The clinical profiles regarding sex, age, and symptoms for our 16 patients were similar to those reported in other publications. 3"5"~5 The long follow-up monitoring of our patients shows that aspiration does not offer a permanent cure of colloid cysts of the foramen of Monro. Failure to achieve permanent reduction of the cyst or persistence of symptomatic or progressive hydrocephalus was noted in all patients. Thirteen patients underwent reoperation while three patients with gradually enlarging cysts have declined repeat surgery.
Early Failure of Cure
Seven procedures yielded insufficient early results, apparent from remaining symptoms or even herniation. Previous authors have also described a high proportion of failures to empty a cyst. 7"8' 16"17 A small cyst may be difficult to puncture? Furthermore, a cyst with a tough capsule may be pushed away by the needle, as probably happened in our Case 12. The emptying of semisolid contents from a cyst by suction through a long needle is sometimes impossible in spite of successful puncture. Early recurrence can and should be detected at postoperative follow-up CT and clinical monitoring, and the patient subsequently subjected to a radical procedure.
Late Recurrence
Several authors claim permanent cure from initially successful stereotactic aspiration. A high success rate has been reported with hypodense cysts and with radiological radical cyst aspiration? In our series, cysts seemed to recur in spite of satisfactory results during the first few years following stereotactic aspiration. These included hypodense and radiologically radically aspirated cysts. Previous authors have followed their patients for 9 years or less, 2"8'3'4 while seven of our 16 patients had a recurrence detected more than 8 years following cyst aspiration.
Failure of a long-term cure following cyst aspiration is actually not surprising. In spite of successful aspiration, the cyst capsule is left relatively undamaged. This capsule is lined with vital epithelium and is capable of growth. ~8.~9 Thus, even late recurrence or formation of new colloid can be expected.
Ventriculoscopy for Stereotactic Aspiration
Stereotactic aspiration procedures can be refined beyond simple aspiration. The actual aspiration is probably safer when aided by ventriculoscopy. The ocular control allows direct visualization of the stereotactic target and enables the surgeon to identify vascular structures. Still, procedures aided by ventriculoscopy led to temporary postoperative confusion and memory deficit in three of our patients (Case 6 after third procedure; Cases 7 and 13 after second procedure).
Cyst recurrence is also a problem following ventriculoscopy. One patient (Case 6) underwent electrocoagulation of the remaining cyst capsule. She showed postoperative deficits signifying local brain damage that may have been caused by the electrocoagulation. The deliverance of sufficient electrical energy to cause tissue necrosis in the region of the foramen of Monro is probably not safe.
Frontal Horn Index
The frontal horn index returned to less than 0.30 following a primarily successful aspiration in four patients. Whether the remaining hydrocephalus in the other 12 patients indicated an unrelieved subtotal obstruction of the foramen of Monro or a steady state following the long period of ventricular dilatation cannot be determined. However, in the three patients in whom ventriculoperitoneal shunts were placed, a normalization of the ventricular width was demonstrated after shunting. This finding suggests that CSF dynamics were not restored by cyst aspiration but rather by shunt placement, and that the ventricles were capable of diminishing in size. Persistent hydrocephalus appears to represent a pathological entity that warrants consideration of further treatment in patients treated for a cyst of the foramen of Monro.
Conclusions
Stereotactic aspiration of colloid cysts may be justified in the treatment of selected patients with excessive surgical risk or patients who wish to avoid the morbidity of open microsurgery. In the present series, however, four patients (25%) suffered transtentorial herniation from untreated hydrocephalus at some occasion following initial treatment. Treatment with stereotactic aspiration must entail conscientious CT monitoring during the lifetime of the patient, beginning in the immediate postoperative period. Under such circumstances, a more radical treatment is usually preferred.
It is possible to speculate that the combination of stereotactic cyst aspiration to restore CSF circulation, its demonstration by ventriculography, and gamma knife surgery to hinder recurrent growth of the cyst may offer an alternative to microsurgical cyst extirpation in a minorityof patients with cysts that can actually be emptied by aspiration. It must, however, be emphasized that, considering the slow growth of colloid cysts, such an approach would require at least 15 years to assess its efficacy.
We would recommend a simple approach designed to remove the entire cyst and capsule. The morbidity associated with modern microsurgical treatment by stereotactic localization as described by Abernathey, et al.,~ with the Steiner-Lindquist microsurgical guide, or by conventional means 3'5'~5 is comparable to the morbidity in our stereotactic series. Surgical extirpation is usually radical 1'5'~5 and thus the recurrence rate can be expected to be considerably lower than that following cyst aspiration. At present, radical stereotactically guided or conventional microsurgical extirpation seems to be the preferred treatment for symptomatic colloid cysts of the foramen of Monro.
